The genetic organization of two different 5-nitroimidazole (5-Ni) resistance genes was investigated: nimC and nimD from Bacteroides plasmids plP419 and plP421, respectively. The nimC gene (492 bp) and the nimD gene (495 bp) directed the synthesis of polypeptides with deduced molecular masses of 18.37 kDa and 1848 kDa, respectively. The predicted proteins showed 6 7 4 3 % identity and 78-91 O/ O similarity with the products of two other nimA and nimB genes previously described and could be derived from a common ancestral gene. An insertion sequence element (IS1170) was identified upstream of the nimC gene. IS1170 is 1604 bp in length and is flanked by'imperfect inverted repeats (15 bp). IS1770 is similar to the Bacteroides insertion sequence element IS942 with an identity of 70% a t the nucleotide level. The single copy of IS1170 present on plasmid plP419 is integrated 24 bp upstream of the initiation codon of nimC. Similar genetic organization was found on plasmid plP421. One copy of another insertion sequence (151169) was found 4 bp upstream of the first ATG codon of the nimD gene. This element (1325 bp) shows a strong homology a t the nucleotide level (70% identity) with IS1186 and IS1168 found to be associated with the Bacteroides carbapenem resistance gene cfiA, and the 5-Ni'genes nimA and nimB, respectively. There is strong evidence that, as in the case of the &A gene, the transcription of the four nim genes so far studied is directed by outward-oriented promoters, carried on the right ends of the different insertion sequence elements.
INTRODUCTION
Among the anaerobic bacteria involved in human infections, Bacteroides species are the most frequently isolated (Salyers, 1984) . These bacteria are commonly resistant to antibiotics, particularly to many p-lactam antibiotics, tetracycline and macrolides, but remain sensitive to the 5-nitroimidazoles. Despite the clinical use of these antimicrobial agents for more than 30 years, the incidence of Abbreviation : 5-Ni, 5-nitroimidazole.
The GenBanWEMBVDDBJ accession numbers for the nucleotide sequences of the fragments from plP419 and plP421 are X76948 and X76949, respectively.
5-nitroimidazole (5-Ni) resistance in Bacteroides is still very low.
The demonstration that specific transmissible genetic determinants conferring a low level of resistance occur in Bacteroides was reported in 1989 (Breuil e t al., 1989) . Two resistance determinants (nimA and nimC) were shown to be located on small mobilizable plasmids, designated pIP417 (7.7 kb) and pIP419 (10 kb) derived from Bacteroides vtrkattrs BV 1 7 and Bacteroides tbetaiotaomicrun BT13, respectively (Reysset e t al., 1992) . Although differing in their restriction maps, the two plasmids showed homology in a region involved in their mobilization (Reysset e t a/., 1992) . Another resistance determinant (nimB) was found to be located on the chromosome of Bacteroidesfragilis strain BF8 (Sebald e t al., 1990 ; Haggoud e t a/., 1994). This determinant was also
S . T R I N H and O T H E R S
shown to be transferable homo-or heterospecifically through a conjugation-like process. Subsequently, another 5-Nir plasmid was found in three clinical isolates of Bacteroides (Reysset e t al., 1993) .
The 5-Nir genes of strain BF8 (nimB) and of plasmid pIP417 (nimA) have been sequenced (Haggoud e t al., 1994) . The nucleotide sequences and the deduced amino acid sequences show about 70 % identity suggesting that, although different, the two genes are closely related. Moreover, an identical insertion sequence element (IS 7 768,1320 bp) was found a few base pairs upstream of the start codons of both genes (Haggoud et al., 1994 ). An identical insertion sequence element (IS 7786) was shown to activate the carbapenemase gene c f i A of I3.fragili.r when present immediately upstream of the gene (Podglajen et al., 1994) . The transcription of c f A was found to be driven from a promoter identified on the right end of the insertion sequence element (Podglajen e t al., 1994) . The same promoter should be efficient in the transcription of the nimA and nimB genes.
There is therefore strong evidence that these newly described insertion sequences contain the regulatory signals for the expression of the resistance genes. However, our studies have indicated that IS7168 fails to hybridize with pIP419 and therefore transcription of nim genes is not always directed by IS7768. The aim of this work was to compare the four nzm genes and their upstream regions.
METHODS
Bacterial strains and plasmids. The Escherichia coli strains used in this study were HBlOl (Boyer & Roulland-Dussoix, 1969) , JM109 (Yanisch-Perron e t al., 1985) and GT869 (Parsot, 1986 ).
The B. fragilis strains were the plasmid-free strain BF-638R (Privitera et al., 1979) used as a recipient for transformation, and BF-F238, BF-F239 and BF-M6 (Reysset et al., 1993) . The following plasmids were also used: pIP419 from B. thetaiotaomicron BT13 and the recombinant plasmid pFKlOO (Reysset e t a/., 1992), pIP421 (7.3 kb) isolated from strain BF-F239, pUC19 (Yanisch-Perron e t al., 1985) and pBI191 (Smith, 1985) .
Media and culture conditions. Bacteroides strains were cultured in an anaerobic chamber (La Calhtne, 78140 Velizy, France) in 5 % H,, 5 % CO, and 90 % N,. TGY medium was used as basal medium (Privitera et al. , 1979) . Wilkins-Chalgren medium (Oxoid) was used for antibiotic susceptibility testing and plating of transformants. E. coli strains used as cloning hosts were cultivated aerobically in L-broth supplemented with ampicillin (100 pg ml-') where appropriate.
Preparation and analysis of plasmid DNA. Small scale preparations of plasmid DNA were obtained from exponential phase cells (OD, , , 0.6) by the alkaline lysis procedure (Birnboim & Doly, 1979) . The DNA was purified by isopycnic ethidium bromide-CsC1 ultracentrifugation. DNA was analysed by horizontal electrophoresis on 0.7% agarose gels in TBE buffer (89 mM Tris base, 89 mM boric acid, 2 mM Na,EDTA, pH 8.25). Restriction endonuclease analysis was performed under the conditions recommended by the suppliers (Amersham and Boehringer Mannheim).
Plasmid constructions and electrotransformation. All the recombinant plasmids used for cloning or phenotypic expression in Bacteroides were constructed using the cloning vector pBIl91 (Smith, 1985) , whereas recombinant plasmids needed for DNA sequencing or in vitro transcription-translation assays were constructed using the cloning vector pUC19 (YanischPerron e t al., 1985) . Plasmids pFK110 and p F K l l l are recombinant plasmids from pUC19 containing a 2 kb Sm3A restriction fragment from the nimC gene of pIP419 cloned in opposite orientations. Similarly, plasmids pFK310 and pFK31 1 contained the 1.8 kb Hind111 restriction fragment from the nimD gene of pIP421 cloned in opposite orientations. In recombinant plasmids pFKl10 and pFK310, the nim genes are located in the opposite orientation to the plac promoter. Electrotransformations of E. coli and Bacteroides were performed according to Dower et al. (1988) and Reysset e t al. (1992) respectively.
DNA sequencing, sequence analysis, Southern blotting and DNA-DNA hybridization. DNA sequencing was performed by dideoxy sequencing reactions (Sanger et al., 1977) using modified T7 polymerase (Sequenase 2.0 kit, US Biochemical). Reaction mixtures were analysed by electrophoresis on 6 or 8 YO (w/v) polyacrylamide gels (Sambrook e t al., 1989) . Computer analysis was performed by using the Genetic Computer Group (GCG) programs (University of Wisconsin, Madison). The presence and copy number of IS1 169 and IS1 170 were determined by Southern blot analysis performed according to Bryant e t al. (1988) on nylon N+ membranes (Gene Screen+, Dupont de Nemours). Probes were purified restriction fragments labelled with [32P]dATP by nick translation (Boehringer Mannheim). The location of the Ni' determinant of plasmid pIP421 was checked using an internal probe of the nimB gene (IG probe) synthesized by PCR using the following oligonucleotide primers : 5'-ATGTTTAGAGAAATGCG-3' and 5'-GTCATTCCACAGTTCGT-3' (Haggoud et al., 1994) . The amplified fragment was purified from agarose gel (1 YO) with the Geneclean I1 kit (Gibco BRL) and radiolabelled as described previously.
In v i m transcription-translation. Recombinant plasmids pFK110, pFKl11, pFK310 and pFK311, containing the pIP419 and pIP421 5-Ni' inserts cloned in opposite orientations, were subjected to transcription-translation in an in vitro prokaryotic DNA-directed system (Amersham). The proteins were separated by SDS-PAGE, and the 35S-labelled synthesized polypeptides detected by autoradiography.
RESULTS

Location and nucleotide sequences of the 5-Ni' determinants of plasmids plP419 and plP421
The 5-Nir determinant encoded by plasmid pIP419 was previously cloned on vector pBI191 as a 2 kb Sau3A restriction fragment (Reysset e t al., 1992) to give the plasmid pFK100. Deletion analysis of pFKlOO was performed in order to locate precisely the 5-Nir gene, and the subclones were analysed for expression of 5-Ni resistance in B.fragilis BF-638R. It was demonstrated that a recombinant plasmid containing the 1-25 kb EcoRI-Sau3A restriction fragment (Fig. 1) 
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CCGATAGACT GTGTGCTGAT GTTCMGGTC TTGTTTCTTC AGCGTTATTA TGGTTTGAGT GACCATCAGA TAGAGTATCA GATAGTTGAC CGTACGAGTT TCCGCMGTT TCTTGGTATT GMTGTGTTG ACGATGTTCC TGACGAGMG ACGGTGTGGA AGTATCGCGA ACTCCTGACA MTACAGGCG TTTATGACM plasmids. This result was confirmed by examining the physical map of plasmid pIP421 of strain BF-F239. Restriction enzyme sites were identified and localized by analysis of DNA cleaved by various enzymes (unique and double digestions). The linear map of pIP421 is given in Fig. 2 . Plasmid pIP421 had unique restriction sites for AvaII, BamHI, BgAI, ClaI, EcoRI, HpaI and ScaI, two sites for EcoRV, and three sites for DraI. Plasmid pIP421 was not digested by the following restriction enzymes: AvaI, HaeII, KpnI, NcoI, Nsz?, PvtlII, SaA, SmaI and XbaI. The location of the 5-Ni'determinant of plasmid pIP421 was then determined by Southern blot analysis, using the probe IG defined in Methods. Strong hybridization was only observed with a 1.8 kb HindIII restriction fragment (data not shown).
ORrnfrD and
Both 5-Ni' determinants, and the adjacent regions, were then sequenced from both strands after subcloning into pUC19. The complete nucleotide sequences of the pIP419 and pIP421 5-Ni resistance regions are given in Figs 3 and 4, respectively. The location of the ORFs (ORFnimC and ORFnimD) corresponding to the 5-Ni' determinants of plasmids pIP419 and pIP421, respectively, was determined and compared with the nucleotide sequences of the nimA and nimB genes (Haggoud et al., 1994) . As already observed in the case of the 5-Ni'determinants cloned from plasmid pIP417 and from the chromosome of strain BF8, the two ORFs (492 and 495 bp, respectively) have three possible ATG start codons (Figs 3 and 4) .
The nim gene products
The largest ORF's, ORFnimC and ORFnimD, may encode polypeptides of 163 and 164 amino acid residues (molecular mass 18-37 and 18-48 kDa), respectively. Pairwise comparisons of the deduced amino acid sequences of the polypeptides encoded by the four nim genes so far sequenced were done with the Gap program of the GCG package. The polypeptides show 67-83% identity, and 78-91 % similarity. The higher values were obtained with the polypeptides encoded by the chromosomal nimB gene of strain BF8 and those of the nimD gene of plasmid pIP421. No significant homology was found between the nucleotide and predicted amino acid sequences for the nim genes and those available in the GenBank, EMBL or SWISS-PROT databases.
An E. coli in vitro transcription-translation system was used to investigate the polypeptide synthesis directed by the 2 kb Satl3A and the 1.8 kb HindIII 5-Nir inserts of plasmids pIP419 and pIP421, respectively. The two restriction fragments were cloned in both orientations into pUC19. The results are shown in Fig. 5 . In all cases, polypeptides of the expected molecular mass were synthesized from the genes cloned in both orientations, suggesting that the promoters of both genes were functional in E. coli. The molecular masses of NimC and NimD determined on polyacrylamide gels were 19 and 17 kDa, respectively, in agreement with the predicted determined for genomic DNAs of Bacterokdes spp. (Johnson, 1978 
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of nimC *****--**-***** **-**-**-*--*************** and 100% identity respectively (Fig. 6) . A putative duplication of the target site (Galas & Chandler, 1989) , created by the insertion of IS1170 upstream of the nimC gene, was only 2 bp in length (AT) instead of the 8 bp target duplication found by Rasmussen & Kovacs (1991) for two integration events of IS942 upstream of the ccrA gene (Fig. 7) . (Fig. 6) . The three ORFs (ORFa, b and c) found within I S I769 potentially code for basic polypeptides of molecular mass 31.57, 8.17 and 18.34 kDa, respectively. The largest ORF (ORFa) shows 78.5% identity at the amino acid level with the corresponding ORF of IS 1168. The results of a search in the GenBank and EMBL databases for sequences related to IS I169 were identical to those found for IS I168 (Haggoud e t al., 1994) , i.e. IS 1246 harboured by plasmid p W W 0 of Pseudomonas putida (Reddy e t al., 1994 , accession number L11583), IS I706 from Neisseria meningitidis (Knight e t al., 1992) , IS5 from lKHlOO (Kroger & Hobom, 1982) and IS52 from Pseudomonas gringae (Yamada e t al., 1986) .
Characterization of an insertion sequence element,
The duplication of the target site expected for the insertion sequence of the IS5 family is 4 bp in length (Galas & Chandler, 1989) . Some examples of the target duplication of IS 1186, IS I168 and IS1 169 are illustrated in Fig. 7 . For IS1 186, Podglajen et al. (1994) found in all cases but one a 4 bp target duplication. In one strain the target duplication was 9 bp in length. The situation for IS 1 I68 present upstream of the nim genes is less clear. In the copy of I S I168 present upstream of the nimA gene a 3 bp target duplication (TAA) was found, separated by one nucleotide from both ends of the inverted repeats. in N. meningitidis. For the copy of IS I169 present upstream of the nimD gene, a 2 bp sequence (GA) was found as a potential target duplication site.
Absence of a composite transposon-like structure on plasmids plP419 and plP421
It has been previously shown that only one copy of IS I I68 is present on plasmid pIP417, demonstrating that the nimA gene is not part of a transposon (Haggoud et al., 1774) . The copy number of IS1170 and IS1169 from plasmids pIP419 and pIP421 , respectively, was determined by Southern blot analysis. The probes used in this study were the internal Sau3A-EcoRI restriction fragment of length 626 bp (nt 782-1408, Fig. 3 ) for IS 1170, and the internal Hind111 restriction fragment of length 366 bp (nt 333-677, Fig. 4 ) for ISll69. The location of the two probes are shown in Figs 1 and 2 , respectively. Plasmid pIP417 was digested by DraI to give restriction fragments of lengths 3.1, 5.5 and 1.5 kb. Plasmid pIP421 was doubly digested by ScaI-DraI and ScaI-EcoRV to give restriction fragments of lengths 2-24, 2.1, 2.65 and 0-26 kb, and 2.7, 3.25 and 1.1 kb, respectively. Results of hybridization experiments are shown in Fig. 8 . For plasmid pIP417, only the expected 2-95 kb DraI restriction fragment hybridized with the IS 1170 probe (lane 2) but not with the IS 1 I69 probe. For plasmid pIP421, the 2.24 kb ScaI-DraI (lane 3) and the 2.7 kb EcaRV-Sea1 (lane 4) restriction fragments hybridized with the IS1169 probe. From the physical maps we concluded that in both cases only one copy of the insertion sequence element is present upstream of each nim gene. Thus, the insertion sequence elements of plasmids pIP417 and pIP421 are not parts of a composite transposon.
DISCUSSION
The two 5-Nir genes nimC and nimD, present on plasmids pIP417 and pIP421, have been cloned and sequenced. Nucleotide sequence analysis revealed the presence of two ORFs, ORFnimC and ORFnimD, which may encode polypeptides of 163 and 164 amino acid residues (molecular mass 18.37 and 18.48 kDa), respectively. The two predicted proteins show 72.5 YO identity and 84.7 % similarity.
The four nim genes so far studied (this work, and Haggoud et al., 1774) share some common features. The nucleotide sequence length is from 472 to 534 bp with a G + C content varying from 42.8 to 55.7 mol%. Pairwise comparisons of the nucleotide sequences reveal an identity of about 70%, which suggests that the nim genes are closely related. Nevertheless, the multiple alignment of the four sequences reveals that they show approximately 47 % identity, indicating a high degree of variability at the nucleotide level. The genes could direct the synthesis of polypeptides of molecular mass 18-20 kDa showing 6 7 4 3 % identity and 78-71 % similarity when the conservative amino acid substitutions are taken into account. The multiple alignment of the four amino acid sequences disclosed a greater homology of the nim gene products, with an identity of 57 Yo and a similarity of 78 YO. We suggest that the four genes, whether chromosomally determined or plasmid-borne, are derived from a common ancestral gene. No significant homology was found with either the nucleotide or amino acid sequences in the GenBank and EMBL databases.
Another important feature is that each nim gene is preceded by an insertion sequence element located a few base pairs upstream of the putative start codon. The same insertion sequence element, IS 1168, was found upstream of the nimA and nimB genes, whereas other insertion sequences, IS 7 169 and IS 7 170, were found upstream of the nimD and nimC genes, respectively. These insertion sequence elements belong to two families as indicated in Fig. 6 .
The first family consists of the three Bacteroides insertion sequence elements IS 1168, IS 7 167 and IS 1186. The latter element was detected upstream of the carbapenemase gene cf-4 in a clinical isolate of B.fragilis (Podglajen e t al., 1774) . In this carbapenem-resistant strain, the transcription of cf-4 was found to be driven from a promoter identified on the right end of IS1186. The -35 region sequence (TTGGGG) is separated by the optimal spacing distance of 17 bp from the -10 region (TAACTT). Comparison of the nucleotide sequence of IS1168 and IS I186 revealed that the two insertion sequence elements were almost identical (99-7 YO identity), suggesting that the transcription of the nimA gene is also directed by the same promoter. Furthermore, analysis of the nucleotide sequence of IS 1167, which shows 71 YO identity to IS 1168, reveals that there is a nearly perfect match (five out of six base pairs) between both the -35 and -10 sequences of IS I186 (see Fig. 6 ). We thus conclude that, as for the c f A gene, the nimA, B and D genes are transcribed from an internal insertion sequence promoter. In a survey of 36 5-Nir clinical isolates of Bacteroides strains, the insertion sequence elements of the first family were found to be associated with a nim gene in 94% of the strains (Reysset e t al., 1993 , and data not shown), which suggests a wide distribution amongst resistant strains.
IS742 and IS I 170 belong to a second Bacteroides insertion sequence family. One copy of IS742 was found integrated 19 bp upstream of the predicted initiation codon of the metallo-p-lactamase gene ccrA cloned from B. fragili.r TAL3636 (Rasmussen & Kovacs, 1991) . The authors have also suggested that the transcription of the ccrA gene was driven from a promoter within the IS element, and have defined the -35 and -10 promoter-like sequences (Rasmussen e t al., 1990) . As shown in Fig. 7 , two related -35 and -10 boxes were also found in the corresponding regions of IS1170. Moreover, although the 1 kb DraISatl3A restriction fragment of plasmid pIP419 contained the entire ORFnimC, it did not confer the 5-Nir phenotype, the DraI site being located between the proposed -35 and -10 sequences (see Fig. 3 ).
An identical tetranucleotide AGAA sequence, which appeared to be an efficient ribosome-binding site in Bacteroides (Podglajen e t al., 1994) , was found between the end of the IRR of each insertion sequence element and the ATG start codon of the c f i A , ccrA or nim genes. We have also shown by in vitro transcription-translation assay that the promoters of IS I 168, IS I I69 and IS I I70 are functional in E. coli, suggesting that the outward-oriented promoters of the two Bacteroides IS families could be functional in this species.
